SUMMARY The position of the apex beat in relation to the midclavicular and nipple lines and the intercostal spaces was studied in 353 healthy Jamaican children from birth to 10 years. The traditional use of the midclavicular line as a reference point in relation to the apex beat is not an accurate index of normal heart size at all ages. For this purpose actual measurement of the apex beat, which ranges between 2 -8 and 5 *4 cm from the midline, should be made. However, for a rough estimate of normal cardiac size the midclavicular line may be used. In contrast, the nipple line lies outside the apex beat at all ages; it should not be used in the clinical evaluation of normal cardiac size. From birth to age 3 years the apex beat is located in the 4th intercostal space and with increasing age gradually moves into the 5th space in most children.
In clinical practice the intercostal space (ICS), the midclavicular line (MCL), and sometimes the nipple line (NPL) are used as reference points to assess the position of the apex beat (AB). While some authors (White, 1951; Dammann, 1959) state that the AB in normal children of all ages is in the fourth left intercostal space (4LICS), others (Julian, 1970; Julian and Turner, 1974) assert that irrespective of age the AB is usually in the fifth space (5LICS). With regard to the relationship of the AB to the midclavicular line (MCL), White (1951) states that in children of all ages it is normally beyond this line. In contrast, Julian (1970) , and Julian and Turner (1974) have reported that the AB is at or within the MCL. These assertions may be correct as far as they concern adults as all the authors, except Dammann, are eminent cardiologists who deal primarily with adults. The only other reference to the normal AB in childhood is by Kaplan (1975) , who states that the AB is in the 4LICS from birth to age 2 years and thereafter is in the 5LICS. It is also noteworthy that no standard textbooks on paediatric cardiology (Taussig, 1960; Nadas, 1963; Keith et al., 1967; Watson, 1968) attempt to define the position of AB in normal children.
In view of the above seemingly contradictory statements the present study was undertaken to evaluate clinically the AB in relation to the MCL, NPL, ICS, and chest circumference in normal children of different ages. Received 9 January 1978 Subjects and methods
The subjects consisted of healthy Jamaican children selected from among (a) newborn babies in the obstetric wards, and also those attending the infant welfare clinic, University College Hospital of the West Indies, Kingston, (b) children attending daycare nurseries, and (c) children attending the Mona Primary School and the Hope Valley experimental School in Kingston, Jamaica. The children were selected after appropriate clinical examination to exclude cardiorespiratory disorders and chest deformities. Any child with a cardiac murmur was excluded even if it was thought to be an innocent murmur. Similarly children with any degree of respiratory disorder were excluded.
The AB, defined as 'the furthermost point of visible cardiac pulsation in the praecordium downwards and to the left at which the finger is distinctly lifted' (Julian and Turner, 1974) 
Results
Out of 1000 children examined clinically, 353 (167 boys and 186 girls) were selected for the study; their ages ranged from birth to 10 years. 337 of the subjects were of Negro descent, 10 were Chinese, and 6 Indian. Table 1 gives the man distances, in erect position, of the AB, MCL, and NPL from the midline. The mean AB distances ranged between 3 * 8 and 5 *7 cm for both sexes and increased with increasing age. In the age group 1 to 3 years, the mean distance of the MCL was significantly less (P<0 05) than that of the AB. By contrast, the mean distance of the MCL at ages 4, 9, and 10, was greater (P<0 05) than that of the AB. The mean distance of the NPL at all ages was consistently greater than that of the AB and MCL, the difference being highly significant (P<0-001). Fig. 1 shows the mean (±2SE) apical distance in the erect position for children aged between 4 and 10 years. The progressive increase in the mean values with increasing age is evident. group.bmj.com on June 20, 2017 -Published by http://adc.bmj.com/ Downloaded from although the mean distances of the AB in the erect position were consistently higher than the corresponding values in the supine position, the differences were not significant except at the age of 10 years. The normal distance in centimetres of the AB from the midline may be obtained for children aged between one and 10 years, using an age formula (AB = 3 * 8 + 0 * 2 x age in years). Table 3 compares the measured mean apical distances for every year of life with the expected mean distances using the above formula.
The position of the AB in relation to the ICS is shown in Table 4 . The AB was in the 4LICS in all the 61 subjects from birth to 3 years. Among 14 children aged 4 years, the AB was in the 4LICS in 8 (57%) and in the 5LICS in 6 (43 %), while in 37 children aged 5 years, it was in the 4LICS in 29 (78%), and in the 5LICS in 8 (22 %). Thereafter, with increasing age the AB gradually moved into the 5LICS so that at the age of 10 years it was in the 5LICS in 37 (81 %) of 46 subjects. Fig. 2 shows the age at which transition of the AB from the 4LICS to the 5LICS occurred. It must be noted however, that there were few children in the age group 5-10 Table 3 Mean distance of the apex beat (AB) and predicted mean apical distance from the first birth day using the formula (AB = 3-8 + 0-2 x age) years in whom the AB could still be located in the 4LICS. Table 5 summarises the correlation between the distance of the AB in the erect position and the chest circumference. In all the age groups the correlations were generally poor, the values ranging between 0 * 08 and 0 37. The correlations for ages 7-9 years were nevertheless significant (P<0 * 05). However, for all. ages together the correlation was much higher (r = 0-61, P<0 001).
Discussion
According to Dressler (1959) , the position of the apex beat in childhood varies with age as well as with various physiological factors which cause a shift of the apical portion of the left ventricle towards the (Cruz et al., 1960 ) the position of the apex beat in childhood in relation to the MCL, NPL, and ICS would be expected to change with age, as well as the chest circumference.
The above facts seem not to have been taken into consideration when White (1951) and Dammann (1959) stated that the apex beat was in the 4LICS in normal children of all ages. Indeed, the latter author went on to state that 'when the apex beat is felt in the SLICS in childhood the probability of left ventricular enlargment must be entertained'. Similarly to state that the apex beat in normal children of all ages is in the SLICS, as asserted by Julian (1970) and by Julian and Turner (1974) , ignores the expected progressive increase of the left ventricular wall which takes place throughout childhood.
The study has shown that the traditional use of the MCL and NPL as reference points in relation to the AB is not an accurate index of normal cardiac size. At some ages (1 and 3 years) the mean distance of the MCL was less (P<0 05) than that of the AB, while in others (4, 9, and 10 years) this mean distance was greater (P<0 05) than that of the AB. In other words, the AB is within the MCL in neonates, infants, and other children up to the age of 3 years, while it is outside this line in most older children. Furthermore the position of the NPL in relation to the AB was well outside the AB in children of all ages, the mean distance ofthe NPL being consistently greater (P<0 001) than that of the AB.
With regard to the position of the AB in relation to the intercostal spaces, the study also shows that it is incorrect to assert that the AB is in the 4LICS in all children from birth to the age of 2 years and thereafter in the 5LICS (Kaplan, 1975) , or that it is in the SLICS in children of all ages (Julian, 1970; Julian and Turner, 1974 ). The present study shows that in all children up to the age of 3 years the AB is in the 4LICS. In 57, 78, 58, and 58% of children aged 4, 5, 6, and 7 years respectively, the AB was still present in the 4LICS, but from the age of 8 to 10 years it was in the 4LICS in only 25 %.
A direct correlation was found between the distance of the AB and the chest circumference in the age group 7-9 years and not in the younger age groups. This may be explained by the fact that in children below the age of 7 years the chest circumference was perhaps not measured in full inspiration.
From the present study the following conclusions can be drawn. ( 
